"~ 77 LIBRARY -
CIVIL AERONAUTICS
v ADMINTSTRATION

U. 5. CIVIL AERONAUTICS AUTHORITY

MANUAL

14 AIRCRAFT FROPELIER AIRWORTHINESS

December 1, 1938



U. 8. CIVIL AERONAUTICS AUTHORITY

MANUAL

14 ATRCRAFT PROPELIER AIRWORTHINESS

December 1, 1938

United States
Govermment Printing Office
Washington : 1938



CIVIL AERONAUTICS AUTHORITY MANUAL

INTRODUCTORY NOTE

This manual is supplementery to the Civil Air Regulations,
Part 14, referred to herein by the Code of Federsal Regulations
designation 6 CFR 14. The material contained herein is intended
to explain and interpret the warious requirements of 6 CFR 14,
to expedite the presentation of the desired techniocal date, and
to outline what is considered acceptable practice in eertain in-
stances.

It should be understood that any methoed which can be shown
-to be the equivalent of one set forth in this manual will be
equally acceptable to the Authority. Likewise, any interpretation
herein shown to be inapplicable to a particular case will be suit-
ably modified for such case on request. In either event such ac-
coeptance or modified interpretation will be effective as and when
issued prior to subsequent incorporation herein. This manual will
be revised from time to time as equally acceptable methods, new
interpretations, or the need for additional explanation are brought
to the attention of the Authority.

The material in this manual is arranged for direct correspond-
ence with the requirements. For example, CAAM 14.1-A3 refers to a
specific breakdown of 6 CFR 14.1,* On the reverse side of this page
will be found a form for convenience in maintaining a record of sub-
sequent revisions,.
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14 AIRCRAFT PROPELIER AIRWORTHINESS

GENERAL
PROVISION FOR RATING

1. 1t should be noted that 6 CFR 14 concerns the rating of pro-
pellers for use on engines specifically, and on airoraft only
insofar as the complete powerplant unit is eventually installed
and operated on an airplane. An operation limit speeified in
accordance with this chapter approves the propeller for use with
a certain engine or type Oof engine. The pertinent requirements
of 6 CFR 04, regarding the functioning of the installed power-
plant unit and the performance of the complete airplane, are, of
course , applicable whenever a new propeller design is installed.
If the propeller model or type is listed on the pertinent air-
plane specification it has met these latter requirements.

PRODUCTTON CERTIFICATE

1. GENERAL. Recommended practices reguisite for the produoction
of wood and metal propellers under a production certificate are
discussed separately below. (See also 6 CFR 01.521). In either
case 1t should be noted that a semi-annuel report of the produc-
tion is required in January and July of each year in accordance
with 6 CFR 01.76.

WOOD FROPELIERS.

1, Due to the stebilized nature of fixed-pitch wood propeller
construction the procedure and equipment heave evolved to the
point where certain minimum standards may be set forth. The
following items are intended to present such standards in mm-
terials, processes, manufacturing tolerances, and inspection
methods.

2. The materiels of construction should be of the highest quali-
ty obtainable because of the highly stressed condition of a pro-
peller and its relative importance as a primary powerplant item.
The following details should be noted:

a. Wood used should be purchased from a reputable lumber
vompany under a detailed specificaetion as to its charac-
‘teristios. It is recommended that all lumber from whioh
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propeller laminse are to be cut be kiln dried to a moisture
content of between seven and ten percent. The minimum specif-
io gravity of the various woods (based on oven dry weight and
volume) should Le as follows:

Birch, sweet or yellow ............... 0.58
Ok, white ....ccienvrr vovsncasonnnnns 0.65
Walnut, black +..v.vevneennnncnnn. eenss 0.52
Mahogany, African ..... testesrarenae «+s 0448

Spiral or diagonal grain should have a slope of less than 1

in 10 when measured from the longitudinael axis of the laminse.
The wood should be free from checks, shakes, rot, and excessive
worm holes. To reduce the effect of internal varistions present
in a1l wood, the importance of selecting a high grade of material
cannot be over emphasized.

b. Glue used should be of a high quality enimal or cassin type.
Biood albumin glues, marine glues, and the various phenol-alde-
hyde adhesives are not considered satisfactory due either to
their peculiar properties or method of application.

¢. Varnish used should be a high quality spar varnish or its
equivalent. In any event, the coating used must be transparent
to facilitate field inspection for cracks and opened glus joints,

d, Tipping materials should be of a good grade brass, monel
metal, stainless steel, or the squivalent. The recommended min-
imum thickness is 0.022 incles. A linen faebric is frequently ap-
plied to the surface for additicnal strengthening at the tip and
for protection against abrasion and splintering. It should be
finished with transparent dope or varnish but metal %ipping need
not be. '

Processes and methods employed in the fabrication of the pro-

peller shall be those definitely kmown to yield the best construe-

tion. The following sequence of operations and methods employed is
presented because, if carefully followed, it will result in an air-
worthy produet.

a. laminations should be laid out with the longitudinal exis
parallel to the grain of the boards from whieh they are to
be cut. All lumber should stand under shop conditions at
least 24 hours to thoroughly adjust itself before working.
It has been found satisfactory to either blank out the
laminations prior to glueing or to glue up & rectangular
block and rough it down to shape. Hub wideners may be in-
corporated in all but the outer leminme if so shown on the
sealed drawing. The widener joint must clear the outer edge
of the hub bolt holes by at least one bolt hole diameter and
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adjacent joints must be staggered. 8Spliced laminae will
riot be permitted in general although certain instances
may be allowed on the basis of overspeed whirl tests.

Such cases will be considered individually. Laminse thiock-
ness may vary from 1/2" to 1" but any further variation
should be shown on the sealed drawings. ILaminse of the
same thickness should be used in a propeller, except for
outside ones. After passing inspection the laminae should
be planed to thickness on a suitable planer or joiner.
Prior to assembly for glueing the laminase should be sep-
arated into three classes: light, medium and heavy. Only
laminee of one class should be assembled in a single pro-
peller. These should be individually balanced and as-
sembled with the heavy ends of adjacent laminse at oppo-
site ends to facilitate balancing.

b. Glue. Due care should be used in mixing and applying
the glue. Casein glue should never be mixed at a speed
greater than 120 rpm and the majority of the mixing should
be done at half this speed. The complete mixing operation
should be acegmplished in 20 to 30 minutes. Too rapid
stirring beats an excessive amcunt of air into the mixture,
which tends to wesken the glued joint. If lumps are pres-
ent at the completion of the mixing the batch should be dis-
carded. A dough-type of mixer with a two-speed electric
motor is considered preferable. The glue-water proportions
for animal giue should be as specified by the mapufacturer.
The proper spresmd of glue is gbout 7 5/4_1bs per 100
square feet of surface when applied to orly one face of

the joint. With Casein glue e pressure of 150 to 200 p.s.i.
should be applied. Slight veriations from ordinary room
temperatures do not require any important change in assem-
bly time. However, with animal glue there is a definite
relationship between temperature and assexbly time. For a
detailed discussion of this point refer to Trayer, "Wood

in Aircraft Construction", pages 103--115. Figure 1 has
been made up from this source.
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OPTIMUM GLUEING CONDITIONS USING ANIMAL GLUE
Species |Glue-Water | Approximate |Tempersture| Pressure Assembly
proportions | Glue Spread of Wood Time {*)
by weight.
1:2 1/4 7 3/4 Yos perl  70CF 150-200paseis 1/2=1 min
Mehogany 1:2 1/4 7 3/4 100 sq ft. 80 150-200 2-5
: 1:2 1/4 7 3/4 50 150-200 7-18
Yellow Birch| 1:2 1/4 7 3/4 70 200 1
White Onk 1:2 1/4 7 5/4 80 200 35
Black Walnut | 1:2 1/4 7 3/4 90 200 12-18
[hite Ash 1:2 7 3/4 70 200 1/

* Assembly time based on

with glue.

wood pieces being leid together as soon as spread

FIG. 1

c. Pressing may be accomplished manually by the uvse of C-eclamps
or by a jack-press. In any event, the pressure range defined in
the preceding paragraph should not be exceeded. The pressing
time for both cesein and arimal glues should be at least five
hours, with & grester time desirable. A conditioning period of
at lesst seven days should be allowed sfter removal from the
press or cleamps.

d. Shaping. Afier conditioning, the propeller should be rcughed
out to within 1/8 inch of the finished surface, either by hand or
with a profiling mechine. After this operation the propeller
should be conditioned for an additional seven days or more at ap-
proximately 700F. and 40% relative humidity.

e. Finishing., The propellers should be carved and worked to a
firal size using suiteble templates and a bubble protractor.
Final operstions should include a smooth sanding. The propeller
should be rigidly mounted for theze operations. The change in
piteh angle from station tc station shall be smooth and trus
throughout the blade length with no irregularities in centour.

A set of metal templates suitebly stamped should te available
for this stage.

f. Drilling. The hub holes should be drilled with extreme ac-
curacy, using a suiteble jig and taking cere to insure that the
holes are perpendicular to the hub faces.
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Tipping. The tipping material should be attached to the lead-
ing edge with No. 4 wood sorews, 1/2 inch or 5/é inch long out
to 1/2 ineh blade thickness. Outbosrd of this point 3/32 ineh
diameter brass or copper rivets should be used. The blade
should be drilled and countersunk for the screws. The rivet
holes should be drilled after the tipping is screwed on. The
metel tipping should not be countersunk either for the screws

or rivets. The rivet heads and screw heads should be filled
with solder and filed down to & smooth surfece. The metal tipp-
ing should be vented by drilling several holes in the tip after
asgembly. (Three 0.040 in, dismeter holes to a depth of 1/2 in,
are recommeuded, )

Finish., One ccat of varnish should be applied prior %to, and at
least two coats after, tipping. A priming coat of wvaloil or a
paste wood filler mmy be epplied initially. The hub bore should
also receive several coats of varnish. In any event the finish
coat must be transparent throughout to allow inspection for
cracks and opened glue joints. :

Horizontal Balance. The propeller should be belanced after shap-
ing and after each successive operation that might affect the
balance. Final balance should be amccomplished on & rigid knife-
edge balancing stand in a rcom free from air ourrents. No per-
sistent tendency to rotate from any position on the balance stand
skould be present.

Horizontal unbalance may be corrected by the application of clear
varnish or solder to the light blade. The light blade may be
conted with a high grade of clear primer mllowing for a finishing
coat of elear varnish. After sllowing eech comt to dry 48 hours,
the balarce should be checked. Then, as maybe necessary, either
the required emount of varnish should be removed by carefully
sendpepering or an additional coat applied, allowing for the fin-
ishing coat of warnish which should be & thin coat of high grade
olear spar varnish. The balance should be rechecked and sand-
Paper or additional varnish applied as may be required to effect
final belancing. Only clear finish is permitted.

Vertical unbalance may be corrected by applying putty to the
light side of the wood hub at a point on the circumference ap~
proximately 90 degrees from the longitudiral ecenterline of the
blades. The putty should be weighed and a brass plate weighing
slightly more then the putty should be cut out. The thickness

of the plate willbe from 1/16 to 1/8 inch depending on the final
area, which must be sufficient for the required number of flat
head attaching screws. The plate should be formed to fit the
shape of the light side of the wood hub, and drilled and ecounter-
sunk for the required number of screws. The plate should then be
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attached and all of the screws tightened. After the plate is finally
attached to the propeller, the screws should be secured to the plate
by soldering the sc¢rew heads. The balance should be checked and all
edges of ‘the plate beveled to reduce its weight. The drilling of
holes in the propeller and the insertion of lead or other material to
assist in balancing will not be permitted.

Inspection. An inspection system should be established to gocomplish

adequate checks on materiml being used, tolerances on the finished prod-
uct, and balance. Recommended tolerances and forms are discussed below
in Figure 2 and items (a), (b), and (c).

WOOD PROPELLER TOLERANCES

Blade length : + 1/16"
Blade width (shenk to 24 inoh station)) & 3/32"
(24 inch station to tip) + 1/16"
Blade thickness (shank to 24 inch station) ¥ 1/3%, -1/16"
{24 inch station to tip) + 3/64"
Edge aligmment + 1/18"
Face aligmment ¥ 1/8*
Template fit (shank to 24 ineh station) 3/32"
(24 inch station %o %ip) 1/32"
Blade angle (shank to 18 inch station) + 1,0°
(24 inch to 30 inch station)  + 0,5°
(36 inch station to tip) + 044°
Track 1/16”
Thickness of hub + 1/32"
Diameter of hub 1 z/32®
Hub belt holes + L005™

PI1G. 2

a. By edge alignment is meant the distances parallel to the respec-
tive chords of the sections from the center line of the blade %o
the leading edges of the coross~-sections of the blade at the wvari-
ous stations, By face aligmment is meant the distances from the
center lines of the blade to its thrust or working face as measured
perpendicular to the chords of the blade at the warious stations.

b. Blade thickness may be checked with a pair of calipers. The hub
" bolt holes should be checked with an exact size "go" gage and a
0.010 inech oversize "no~-go™ gage.
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6. A suitable final inspection form should be campleted and filed
for every propeller produced. Figure 17 on page 39 is a suggested
form for this purpose. This form should be signed by some respons-
ible person designated as Chief Inspector by the company. On the
back of the form the production tolerances {see Figure 2) should
be printed.

METAL PROFPELLERS

1. Because the art of producing an airworthy metal propeller of
the various types is highly individualistic and because such pro-
duction may properly be accomplished on a variety of machinery
and equipment, this section will be confined to indicating what
is acceptable in the way of manufacturing tolsrances and balane-
ing and inspection methods. Forged seclid aluminum alloy blades,
forged solid steel blades or welded hollow-steel blades retained
in a forged steel hub construction have proven acceptable types
of consiruction thus far apd will be discussed in order. The
workmenship and material of all types should be of a high quality.
All blades and hubs should be finished smooth and free from de-
fects, vigible soratches, and tool marks. The effeet of surface
roughness in creating high local stress concentrations and pro-
moting fatipgue failure is such as to easily be critical in any
design.

2. Forged solid aluminum alloy blades or one pisce propellers
may be forged solid or machined from a forged billet. Great care
should be exercised in securing a high quality of matserial and a
sound forging. It is recommended that a check be made in the
physical and chemical properties of ech forging or bille¥% used by
oxtracting a test piece and subjecting it to a complete physical
and chemical test.

a. For inspection purposes each blade should be etched in a
20% caustic soda solution and vlemned in a 20% nitrie acid
solution and warm water. The blades should be sarefully ex-
amined with a three power magnifying glass for the presence

of cracks and other defects. Suspected defects should be
repeatedly etched until their nature is determined. A crack
will appear as a distinot black line. Transverss cracks of
any size or description are sufficlent ocause for rejection
provided they cannot be worked out within the tolerance limits
as given in 14,012-¢2(b) herein. Longitudinal oracks which in-
crease in size as the surface metal is removed are also con-
sidered cause for rejection provided they cannot be worked out
within the above-mentionsd tolerance, Small longitudingal in-
clusions, if relatively few in number, may be passed at the
inspector!'s diseretion, Blades which show excessive amounts
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of inolusions, scabbiness, or other abnormal conditions which
cannot be worked out within the tolerance limits, must be re-
jected-

b. Blades of the same design should be interchangeable in all
respects. This requiremsnt dictates to a large extent the
necessary production tolerances and balaneing regquirements.

The recommended production tolerances for forged aluminum «lloy
blades are given below in Figures 3 and 4.

ALUMIRUM ALLOY BLADE FRODUCTION TOLERANCES

Basic Dismeter -~ 10 ft, 6 in., or less
Blade length + 1/16"
Blade width  {(shank to 24 inch station) I 3/6a"
(30 ineh station to tip) + 1/32"
Blade thickness + 025"
[Bdge alignment £ 1/32"
Face aligrment + 1/32"
Template fit (shank to 24 inch station) ~ 1/32¢
(30 inch station to tip) 020"
Blade angle (shank to 18 inch station) + 0.5°
(24 inch to 30 inech station) 4+ 0,250
(36 ineh station to tip) + 0,209
Longitudinal location of stations + 0,015"

FIG. 3
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ALUMINUM ALLOY BLADE PRODUCTION TOLERANCES

Basie Diemeter -- over 10 ft., 6 in,

Blade length + 1/186"
Blade width  (shank to 24 inch station) ¥ 1/16"
(30 inch station to tip) ¥ 1/32m
Blade thickness(shank to 24 imch station) + 0,030"
(30 inoh station to tip) + 0,025"
Edze aligmment (shank to 24 inch station) 1 1/18"
© (30 inch station to tip) I 1/32"
Face alignment (shank to 24 inch station) ¥ 1/18"
(30 inch station to tip) + 1/32®
Template fit (shank to 24 ineh station) 3/64%
(30 inch station to tip) 0.020"
Blade angle {shank to 24 inech station) + 0.5°
(30 inch station to tip) + 0.25°
Longitudinal loeation of stations + 0,015"

FIG. 4
Edge and face alignment are defined in 14,012-B 4(a) herein.

0. The interchangeability requiremsnt of the proceding paragraph
requires that all bledes of the same design balance against each
other throughout the entire range of blade angles. This may be
accomplished by checking each blade against a master blade or a
master cylinder. TIf is recommended that the balasneing egquipment
for this operation be within a sensitivity of 0,04 inch-pounds in
horizontal balance and 0.2 inch-pounds in vertical balasnce. The
finished propeller should balance both horizontally and vertically
at both O and 90 degrees to the plane of rotation without showing
a persistent tendency to rotate in any direction. Final balancing
should be dome on a knife-edge balancing stand in an enclosed room
which is free from air currents. Horizontal balance may be cor-
rected by drilling a concentric hole in the base of the blade which
hole must conform with the specifications of Figure 5. Vertical
balance may be corrected by drilling an eccentrie hole not greater
than 3/8 inch in diameter to a depth not exceeding that specified
in Pigure 5., The outer edge of this hole shall not be closer than
1/4 inch to the nearest external blade surface and not more than one
eccentric hole should be drilled per blade. These holes may be left
openn or filled with lead. Ieaded holes should be ocorked.
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SIZE AND DEPTH OF BALANCING HCLES

Maximum con- Maximum ocon- Meximum eccentric

Shank  centric holse centrie hole hole depth.
Size diameter depth (3/8 in, max. dia,)

00  7/16 inches 2 1/2 inches 2 1/4 inches
0-v2  19/32 % 3/8 3

/2 5/8 z 5/8 3 1/2

1 3/4 4 1/4 4
11/2 13/16 47/8 4 1/2

2 7/8 5 1/2 5

3 31/32 6 1/8 6

FIG. &

As an alternative to drilling the two holes mentioned above, a
single eccentric hole having a diameter and depth conforming to
the concentric hole dimension given in Fig. 5 may be drilled ard
filled with lesd. The outer edge of this hole should not be
closer than one inch to the nearest external blade surface. The
ends of all balaneing holes should be finighed with & full size
drill having a spherical end to eliminate corners. The sharp
edges of the hole should be removed by a 1/32 inch chamfer.
Blades having special hub ends whioh are designed for use in eon~
trollable piteh propellers should not be drilled with this eo-
centric balancing hole.

3. Forged solid steel blades may be forged solid or machined from a
forged or rolled billet of suitable alloy steel. A check should be
made of the physical properties by taking a test specimen from each

and subjecting it to complsie physieal tests after heattreating, An
ample check should alsc be made of the chemical content of the material,

a. All blades should be inspected by the wet magnaflux process
for discontinuities, eracks, and other defects. Any unsetisfac-
tory indications which esnnot be worked out within the tolerance
limit below should be sufficient cause for rsjection. The mag-
naflux inspection should be under the direet supervision of
highly~experienced personnel.

b. Acceptable production tolerances for solid stesel blades are
given in Figurs 6.

10
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SOLID STEEL BLADE PRODUCTION TOLERANCES

Blade length + 1/16"
Blade width (from shank to 24 in.station) + 1/16"
(from 24 in. station to tip)  + 1/32"
Blade thickness (from shank to 24 in.station) <+ 0,030"
(from 24 in. station to tip) + 0,025
Edge aligmment (from shank to 24 in.station) + 1/16"
(from 24 in. station to tip) + 1/32"
Faoe alignment (from shank to 24 in,station) <+ 1/16"
(from 24 in. station to tip) & 1/32*
Tomplate f£it (from shank to 24 in,station) 3/64
. (from 24 in. station to tip) 0,020"
Blade angle (from shank to 24 in.station) & 0.50°
(from 24 in. station to tip) + 0.25°
Longitudinal location of stations + 0,015"

FIG, 6

REdge and face aligrment are defined in 14.012-B 4(a) herein.

o. Blades of the same design should be interchangeable in all re-
spects. They should, therefore, balance against each other through-
out the operating range of blade sngles. This may be accomplished
by checking each blade against a master blade or oylinder. The bal-
ancing apparatus should have a sensitivity of approximately 0.04
inch~pounds in horizontel balance and 0.2 inoch-pounds in vertieal
balance and should be used in a room free from air currents, The
blades should balance both horizontally and vertiocally when set at
both O and 90 degrees to the planme of rotation. Inserts or balanc-
ing plugs used in the blade shanks for the correction of unbalanced
conditions will be considered individuslly. In all cases they should
be shown on the sealed drawing.

4. TWelded hollow-~gteel blades should be welded up from suitable sheets or
strips of steel alloy. The material used in this type blade should be
heat-treated to obtain the following minimum physical properties:

Ultimate tensile strength 125,000 p.s.i.
Proportional limit 65,000 p.s.i.
Elongation 12%

Blades of this type should be made from blanking dies, forming dies, weld-
ing jigs, heat-treat jigs and similar production tools with & minimum of
filing, grinding, wedging, or other hand operations. A standard temsion
test sample should be cut from each sheet of steel used and subjected to

11
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physical tests to determine the above properties. Sufficient chemiesl
analyses should also be run to determine the chemical properties of
the material and to assure a uniform composition.

a. All blades should be inspected at various times during the pro-
duction process by means of the wet magnaflux process. A frequent
number of inspections will be found desirable in order to eliminate

& large nuber of rejections in the final stage of production. Any
pronounced magnaflux indications which oannot be eliminated by re-
moving & maximum of 10% of the plate thickness at this stage are con-
sidered sufficient cause for rejection., The magnaflux inspections
should be under the direct supervision of highly-experienced personnel.
Adequate visual inspection should also be accomplished to deteot in-
oomplete welds, ooncentration of welding material, and the sbrupt ter-
mination of a weld in such a manner as to constitute a stress concen-
tration point. V

b. Recommended production tolerances for hollow-steel blades are given
in Figure 7.

HOLLOW STEEL BLADE PRODUCTION TOLERANCES

Blade length + 1/16"
Blade width (from shank to 24 inch station) ¥ L/lﬁ"
(from 24 inch station to tip) + 3/64"
Blade thickness (Maximum ordinate) + 0,045"
Edge alignment + 1/8"
Faoe alignment + 0.,045"
Template fit (from shank to 24 inch station) 1/16"
(from 24 inch station to tip) 0.045"
Blade angle (from shenk to 24 inch station) + 1,00
(from 24 inch station to tip) % 0.5°
Longitudinal losation of stations + 1416"

FIG, 7

Plate thickness should be held to the following limits:
0.375 to 0.565 thickness ~0.,004, +0,015
0.156 to 0.375 thiclkness -0,003, +0,010
0.080 tp 0.156 thiockness -0,002, +0,0056

Edge and face aligmment are defined in 14,012-B 4(a) herein.
The surfaces and edges between stations should be of fair contour.

12
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6. Forged steel hubs should be forged in a die from medium carbon,
chrome=-vanadium, or chrome-nickel-steel bars or the equivalent.
Chrome-vanedium steel hubs should have s Brinell herdness of 295 ¢ 20
{10 mm. ball, 3000kg) in the center of the thickest portion. Chrome-
nickel steel hubs should correspordingly have a Brinell hardness of
305 £ 20, Either material should show at least the followlng minimum
physical properties:

Ultimate tensile strength 135,000 p.s.i.
Yield strength 115,000 pes.i.
Elongation 15%
Reduotion in ares ' 50%

Suitable test specimens should be taken from each hub forging %o
check these physical properties. Sufficient chemical analyses should
also be run to determine the chemicael properties of the material and
to assure a uniform composition. One or more forgings from esch new
die should be examined for the proper grain flow.

a. All hubs should be imspected by means of the wet magnaflux
process. Any pronounced magnaflux indications whioh oannot

be eliminated within the tolerence limit of the design are ocon-
sidered sufficient cause for rejection of the part. The magna-
flux inspection should be made under the direct supervision of
highly-experienced personnel.

b, There are no general recommended production tolerances for
forged steel hubs. TUnder 14.1-( 5(b) herein are given the
recommendsd dimensions and tolerances for detachdable-blade none
controllable propeller hubs. Recommended dimensions and toler-
ances for thet portion of the controllabls hub which mates with
the engine shaft are given in 14,1-C 5(d) herein.

0. The correctly balanced hub should stand at any angle in the
balancing apparatus without displaying a persistent tendency to
move in any direction. In order to obtain final balance of the
hub , metal may be removed from the portions of the hub where a
surplus has been left for balancing purposes, such as shown in
Figure 8. The tolerance limit must however not be exceeded in
any case.

421827 O - 41 - 2

13
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14.013

«013

HUB MATERTAL REMOVABIE FOR BALANCING

~Dotted line indiostes
surplus metal left to
be removed to obtain
balance )

_ﬁ’Q!iaiEE§acNﬁsS§§\nnu&maw&N\NcC\haﬁﬂ\3

FIG. 8

d. Hub holes, threads and splines should be checked with suit-
able "go™ and "no-go" gages made up on the basis of the allow-
able menufacturing tolerances.

DEVIATIONS

1. The term unconventional, as used in 6 CFR 14,013, refers to
deviations from the conventional with respect to general design
and design details. Materials and tTypes ol construction other
than those mentioned herein are considered unconventional and ap-
plications should accordingly be made to the Autherity for special
rulings covering the design. If there exists any doubt in the
mini of the designer as to whether his design is cvonventional or
not, the entire design should be discussed prior to making sotive
preparations for a test program,

14
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HUBS AND BLADES

1. When propeller hubs and blades are interchangeable they
are cortifieated as seoparate units and this procedure regquires
the submittal of a complete set of data both for the propeller
blade and hub as these data are filed separately.

TESTING FACILITIES

1. It is necessary that the manufacturer conduet all propeller
tests and supply or arrange for the proper testing facilities.
This normally requires the following equipment:

8. A new engine (or one in good repair) of the type for
which certification of the propeller is desired. If it
has not been overhauled recently a top inspection or
overhaul mey be warranted.

b. A suitable engine mount.

0« 4n acourate tachaneter , which should be calibrated
before and after testing and checked with & stop wateh
and revolution-counter during testing.

d. A suitable manifold pressure gapge if the test is not
run at full throttle. (Not required for fixed-pitech
wood propeller tests)

e. Suffieient vibration equipment to ascertain beyond
reasonable doubt that the propeller will not encounter
dangerous resonance conditions in operation. (Necessary
only in the case of metal propellers.) Such equipment
should preferably conasist of a suitable gigolo to con-
duect static vibration tests; and suiteable wibration
stress pick-ups end recorders*, the former to be mount-
ed on the blades and used to record the vibration
stresses during operation; a suitable torsiograph to
determine the torsional charsoteristics of the propeller-
crankshaft system; and suitmble linear pick-ups to de~-
termine the motion of the engine in space.

*

Thus far one of the most effective pieces of apparatus has been
found to be earbon~strip strain gages connected through slip-
rings to a 12 volt D.C. source with a resistor, condenser, am-
plifier and oscillograph in the hook-up. For additional in-
formation on this type of apparatus refer to the Journal of the
Asronsutical Soiences, Vol. 6§, No. 2, pp. 37-52: "Propellers for
Aireraft Engines of High Power Output" by F. W. Caldwell.

15
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+05 PROFELLER OPERATION LIMITS

1, TUpon completion of the necessary testing the propeller is
cortificated for a specified horsepower, rpm, and engine bore
1imit with a certain diamebter and pitch range., Due to the
difference in vibration characteristics with different orank-
shaft systems and gear ratics it has recently been found nec-
essary to supplement these general factors with a qualifying
statement as to the specific engine or series of engines for
which operation is certifiocated. Unless definitely stated to
the ocontrary the propeller is assigned a take-off (one minute)
operation limit of 10% in excess of the maximum, except takew
off limit in power and in speed. Fixed=-pitch wood propellers
are normally certificated only for a horsepower and rpm with
ne further qualifiocations other than diameter and pitoh, Due
to the type of testing employed (see 14.22 herein) the horse-
power is of'ten an approximation with the result that the pro-
peller is essentially certificated for operation not in excess
of & given rpm.

«06 PROPELIER IDENTIFICATION DATA

l. In sddition to the data specified in 6 CFR 14.06 some manu-
facturers have found it desirable to stamp the approval number
on the propeller, This has the advantage of giving the inspeo-
tor or owner a basic reference to the current specification for
the operation limits applicable. It is suggested that this
item be added but it may not be substituted for the other re-
quired data.

«l DESIGN REQUIREMENTS

A GENERAL

1. Design requirements and recommendations will be discussed
separsately for wood and metal propellers. 6 CFR 14.10, 14.11,
14,12, and 14.13 are covered in this general discussion.

B WOOD PROPELLERS

1. The matter of recommended finishes, materials, tolerances,
hub wideners and balancing has previously been discussed for this
type of propeller under 14,012-B herein, Problems of a design
nature will be oonsidered under this topic as quantitatively as
possible.

2. Blades should be laid out with a faired contour in planform
and thickness. Abrupt changes in cross-section are to be avoided.

16
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Curves of maximum thiokness and of minor and major moments

of inertis wversus radius should be developed and submitted

to cheek this point onm new designs. The center of gravity

of the blade sections is preferably a straight line or

nearly so in the planform view. This line should heve a
slight forward tilt to relieve the serodynamic load on the
blade. The condition of take-—off and c¢climb probably subjects
this ‘type of propeller to the most severe steady loads due to
the smsll relieving aotion of the centrifugal force at the low
rovolution speeds combined with the high thrust lcadings.

3. Blade tip sections should be designed with great care, In
general, thin tip sections have ocaused troubles even in wood pro-
pellers and are to be avolded. The designer might well use a
8lightly thicker tip section at the expense of some propulsive
efficlency. Markedly thin tips with their accompanying flexi-
bility tend to promote flutter and resonance conditions. It
does not follow that a thick tip insures against flutter and
resonance, however, a thick tip on a well-designed blade is
preferable structurally if not aercdynamically.

4, Some trouble has been experienced with blade tipping due to
poor location of the attaching screws and rivets, These attach-
ments should not be in a straight line parallel to the grain of
the wood as this promotes cracking mlong sections in line with
the screws.

5. The finish of the wood propeller should be transparent as
required in 6 CFR 14.13 and discussed in 14.012-B3 (h) herein.
This is to facilitate inspection for cracks and opened glue
joints at the time of the annual inspection.

6. To promote a standardization of propeller hub attachments

it is recommended that steel hubs for wood propellers be designed
in oonjunction with the engine shaft according to the SAE stand-
ard dimensiona. As this type of hub 1ls ordinarily designed,
manufactured and certificated as an engine part, 1t is only men-
tioned here in passing. The front flange should preferably be
splined to the hub proper in all except designs for 50 hp, or
less. This matter and other pertinent design data will be dis-
cussed under boss deslgn in 14.1-B 7 herein.

7. The extensive service use of the fixed pitech wood propeller
hes made it possible to investigate portions for quantitative
design criteria. The following analysis of this type propeller
hae been made from the viewpoint of experience.

a. The boss (or hub portion) is stressed chiefly by the

steady alr loads and centrifugal loads with the engine
torque impulses superimposed. The torque impulses prove

17
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the most severe for the boss, and service failures give =
definite indication of this in burned and elongated bolt
holes. Onee these holes are elongated and the propeller
starts to rock on its hub the bolts are subjected to abrupt
ececentric loads which tend to shear the bolt heads.

b. For the majority of designs the rear flange of the steel
hub is integral with the splined portion whioch mates with the
crankshaft, while the front flange may be splined to the hub
or simply serve as a collar. Assuming the -engine torque to
be resisted only by the bearing area of the hub bolts and
negleoting the effect of friction between the wood and metal
surfaces*, it is possible to calculate the “"propeller resist-
ing torque™ for a specific design. This must be modified for
some designs to account for the added strength of splining
the front flange. If the hub bolts were rigidly supported at
each end their bearing strength would increase 100% over the
cantilever type. Because of the varying amounts of play in
the splined front flange ‘this 100% increase has been arbitrarily
reduced to 25%.

¢. The "propeller resisting torque™ may be expressed in a
formuls as follows:

T, = F, ARE

where T = propeller resisting torque (ft.1bs.)

elastic limit sllowable crushing stress (p.s.i.)

total hub bolt bearing area {sg.in.)

bolt circle radius (ft.)

front flange factor (1.25 for splined flange,
1,00 for floating flange.)

nnnu

H:':-Ub(';;‘

d., T_ has been plotted against rated engine torgque multiplied

by the bore in Figure 9 for representative designs, 790 p.s.i.
has been used for Fy, for birch. (See Trayer, ™Wood in Aircraft
Construction™, pp. 212-218,) Torque multiplied by the bore was
used as a good coriterion of the severity of the torgque impulses
from the engine.

e. The straight line in Figure 9 is & recommended minimum safe
value for use in the oonventional steel hub and wood propeller
design. It may be expressed by the equation:

Tp = la4 (TpB) + 350
where Tg = rated engine torque (ft.lbs.)
B = e¢ylinder bore (inches)

* Negleoted for several reésons; first, the actual amount of friction

will vary considerably with the humidity of the air and tightness of
the bolts; second, service failures have indicated the number and
size of hub bolits rather than the size of the flanges to be eritioal,

18



CIVIL AERONAUTICS AUTHORITY MANUAL

%D
T
1 1 y
i ] T
T
[l | 1 1
l,‘ T ] T
I i
L i f
SEERERSE AN ;
T ] ' !
E;Fz[ o1E Tp = 1.4(TEB) 4+ 350 :
pipam ‘ T
| T I
Tt ® ] ‘ 1
- ﬂ'_i ! +
s I " :
43 4 % ;
By + T T i f
e L g T 4 ] i
"o 7 ‘ .
[TT1 L 3 2 ;
4ot
g ; ‘
- E?’ r T T ]
Saaa ERE o :
. -ﬁ i | | ‘ l | ]
+ ] o '
Tw I ; i
B ;; v N T
- o -»
] __p;" -1 1 J J i] 1 Lt I
.§ i i f |
i | i
L 8_' 1 1T
, J
oo © 1
& . :
A % s
T
H"-‘* 7 1 :
AEERRL H i
V.1 i N 41
/- T
. I ]
|
L
| | ]
[ 2 : y
l
: :
1
-1 » = !
T T
I : l
T ' H
[ i
T {1‘ T = {,:: i .‘; }il n} i_ I‘I
HH I,x B = Rated Engine Torque(Ft.lbs.} x Bore(in.)
1 Fluu‘%--w ot [Tt ! . ] gn
1 1 I

FIG. 9 WOOD FROPELLER BOSS STRENGTE CRITERTA

19

14.1-B



140 l-B

7.

CIVIL AERONAUTICS AUTHORITY MANUAL

£« Each oirele in Figure 9 represents & propeller and hub
combination. The solid circles are those designs with a
splined front flange and the open eircles are those with a
floating front flange. The number above the eircle indi-
cates the number of fallures reported. In all cases the
most highly stressed design is shown.

g. The three isolmted oases of single failure mey be disre-
garded since many identioal designs are satisfactory. Faulty
meintenance, such as loose hub bolts, may have been a con-
tributing cause. However, the series of six failures for the
one design is a definite indication of an unsafe oondition and
this particular design haed to be completely changed before
satisfactory results were obtained. For design purposes the
material presented in Figure 9 and the equation in 14.1-B 7(e)
herein should determine the number, size, and disposition of
the hub bolts.

h. To further aid in determining the boss dimensions it is
recommended that the length / dismeter ratio of the hub bolts
should not exceed eleven and that the clearance from the ocenter
of the bolts to the outer surface of the boss be 8 minimum of

2 1/2 times the bolt diameter. Center to oenter bult spacing
on the bolt eirele should be & L/z times the bolt diameter
(minimum) and the center of the hub bolts should olear the
center bore by 3 times the bolt diameter.

i. In oconsidering design improvements it is well to recognize
the critiecal portions of the design and the possibilities of

relieving them. The highest local value of bearing stress is
experienced in the wood at the hub bolts where they enter the
rear flange of the hub and where the load deflection is least.

j» To relieve this portion of the material some designs in-
corporate & bushing at the rear flange to increase the bearing
area of the bolts at this point.

Plastio wood propellers composed of compressed impregnsated

wood at the shank and encased in a reinforced celluloss-acetate

‘oovering have only recently been introduced in this country, hence

they can only be noted in passing. Since this type of propeller
blade is constructed with a stesl shank casing, the hub design
recommendations in 14.1-C herein should be adhered to wherever
pessible.

8.

The subject of model designation is discussed here because the

designer usually assigns such & designation. Although there is

some precedent to the contrary, it is not considered advisable to
approve & pitch range under one model designation. For the purposes
of field identification it is essentiaml that each pitch be assigned
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8. distinguishing dash number. For example, model 89B could be
designated as 898-48, 89B~b2 and 89B-56 referring to pitches
of 48, 52 and 66 inches respectively. The "89" ms used could
refer to the diameter in inches and ™B"™ to the basic airfoil
gsection. (See also 14.4-1 herein.)

METAT, PROPELLERS

The wide variation in metal propeller design, both in type and
material of oconstruction mekes it lmpossible to sdvance many
guantitative design criterias. The recommended tolsrances and
balancing methods have been given in 14,.012-C herein. The fol-
lowing discussion will of nscesslity be somewhet generalized but
speoific recommendation is made whenever possible.

1. Blades of this type should conform to 6 CFR 14.1). The con-
tour should be faired with respect to the planform. Abrupt
changes in aross-section are to be avoided. Curves of maximum
thickness and of minor and mejor moments of inertia versus radius
may be necessary to check new designs. The center of gravity of
the blade seotions for controllable pitch propellers should lie
on, or nearly on, a straight lipe &long the axis of rotation.
This line should have & slight forward tilt to relieve the aero~
dynamio loading of the blsde. The blade fairing should avoid
abrupt changes and the shank should be designed with this in
mind. When the design incorporetes an abrupt change of section,
as 1n the butt-end attaching portion, as large s fillet as pos-
gible is recommended to reduce stress concentration at that
point., Negleot of this has been a source of trouble in many
designs.

2. All surfaces subjected to wear mnd corrosion should be suit-
ably plated for protection against both. Cadmium has proven
satisfactory as a steel hub plating with zine and chromium among
the possible alternatives, Cadmium has a somewhat higher salt
water spray resistance than zine in thin eocatings (0.010 in.)
but zine plating is slightly superior t¢ cadmium when exposed

to mir containing sulphur (oity atmosphere). Both cadmium and
chromium plated steel blades have given good wearing qualities.
Aluminum alloy blades ordinarily have no protective comting but
a chromic-acld enodic treatment ineoreases their salt water cor-
rosion reslstance.

3. Metal propellers are inherently susceptible to resonance con-
ditions and every effort should be made in the design to avoid
such & condition in the operating range. All parts should be de-
signed to minimize the effect of vibration upon their operation.
This applies to the control mechanism as well ag to the hub and
blade structure. The control mechansim should be so designed
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that a feilure will not affect the functioning of the pro-
peller other than to convert it into & fixed pitch propeller.
Positive stops should be provided in the hub control mechan-
ism so that designated low-pitch and high-pitch blade angles
cannot be exceeded.

4, Blmde tip sections should be designed with great care.
Thin tip sections have caused trouble in metal blades and ex-
treme thinness is to be avoided beceuse the acocompanying flex~
ibility tends to promote resocnence oonditions. It does not
follow that a thick tip insures against resonance, bubt a thick
tip on & well-designed blade is preferable structurally if not
gerodynamically,

5. In order to facilitete the interchangeebility of parts it
is recommended that the propsller design conform as far as pos-
sible to Army and Navy or SAE standards. The following dimen-~
sions mre included for this purpose:

a. Blade and standards are given in Figure 10 and the ac~
companying table for detachsble forged aluminum slloy
blades. The fillet radii indicated should not be decressed
in any case. It should be understood that this table does
not define all possible sizes and that intermediate and
larger sizes should be developed as the need becomes appar-
ent, The horsepower is merely listed as a guide to show
some of the usage of wvarious size shanks. The values listed
cahinot be solely used to substantiate the airworthiness of
an application for certifioation.
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oy~ ROUND CORNEPSTZ R
A -
&4/4 e
B c A
I | s ——_hdg
]
] ’qn\ A HR |
W <
A PO S o
E—h—D 6
Usual HP per|Blade +.000}] +,000 +.002 +.06
Blade Range |End No.|4 -.003|B -,003|c f.010lD ~.000|E *.010(F %.050|G ~.00| ®
0-25 00 2.250 | 2.495 | 2,000 | 0.500 | 0.4375] 1.312 { 2.187|3/32
25-60 Q 3.000  3.245 | 2,625 | 0.6875] 0.562 | 1.687 | 2,937 8
60-100 1/% 3.4375| 3.745 | 3,000 | 0,7812| 0.6562| 2,000 | 3.375 }/@
100-250 1 3.875 | 4.245 | 3,375 | 0.87b6 | 0.750 | 2.375 | 3,75015/32
250~300 1 1/2 4,1875| 4.620 | 3.6875] 1.0625| 0.875 | 2.6875) 4,187 |5/32
300-400 2 4.500 | 4.995 | 3.875 | 1.260 | 1.000 | 3,125 | 4.625 5/32
400-500 3 5,000 | 5,620 | 4.312 1,376 | 1.125 | 3.438 | 5,125(3/16

FIG. 10 - STANDARD ENDS OF DETACHABLE FORGED ALUMINUM
ALLOYS BLADES.

b.

Standard forged steel hub dimensiens for the detachable

aluminum alloy blade type are given in Figures 11 and 12.
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FIG. 1} -~ DETACHABIE ALUMINUM-ALLOY BLADE TYFE,
FORGED STEEL HUB DIMENSIONS.
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Blade No, 1 1 1% 2 1 114 2 2
Hub. No. 20 30 30 30 40 40 40 50
Al +40.003 3878 | 3878 | 4.190 | 4503 | 3.878 | 4.190 | 4.503 | 4.503
—0.000
B! 40.002 4247 | 4.247 4622 | 4997 | 4.247 | 4.622 | 4.997 | 4.997
—0.000
+0.010 3437 | 3.437 3750 | 3937 | 3.437 | 3.750 | 3.937 | 3.937
—0.000
+0.002 | 0875 | 0875 1.062 1.250 | 0.875 1.062 | 1.250 | 1.250
—0.000
B B s 145 34 134 145 146
2 2375 | 2375 2500 | 2.812 2750 | 2.937 | 3.187 | 3.500
334 334 435 424 334 4345 434 433
40.000 3.125 | 3.187 | 3.187 | 3.187 | 3875 | 3.875 | 3875 | 4.5625
4-0.000 2875 | 3.187 | 3.187 | 3.187 | 3625 | 3.625 | 3.625 | 4.625
—0.005
514 51% 51% 5194 514 5% 54 51345
(Ext’d.) 61 | 61 6214, 624 6194 6'% 613 6234
1 434 434 434 4 4- 4 411
(Ext’d.) 524 634, 634 634 6 6 6 614

ne | e | Ve | We | B | % | & | Uk
254 My | 3l 314 Ny | 234 3 3
4y 41 454 5 414 434 5 5
113 113 134 134 124 124 1% 124
+8.ggg 2383 | 2633 | 2633 | 2633 | 3133 | 3133 | 3.133 | 3.812
+0.005 | 2164 | 2414 | 2414 | 2414 | 2881 | 2.881 | 2.881 | 3.562
~0.002
+0.001 | 0233 | 0259 | 0259 | 0259 | 0.306 | 0.306 | 0.306 | 0.377
1345 1343 1345 1345 136 1346 1345 14
Ext'd) | 23 214 214 214 i | MG | g | 2
230 | 2mg | 2ug | 22 | 334 354 354 3%,

MK O DOUZELENRN Snamy b Q

! The center line of A and B shall lie within 0.002 in. of a plane perpendicular to the|
crankshaft bore center line. The center lines of A and B shall come within 0.002 in. o
intersecting the crankshaft bore center line. The limits on the 90 deg. dimension is plus]
or minus 0 deg. to 1 min. The 4 and B bhores shall be concentric with each other within
0.002 in. The hole U may be omitted at the discretion of the manufacturer.

2 Shoulders located by F must be equidistant from center line of hub within 0.002 in.
for perfect balance. Finish tolerances are £0.010 in. unless otherwise specified.

FIG., 12 - FORGED STEEL HUB DIMENSIONS
(Refor to Fig. 11)
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¢. Standard dimensions for detachable hollow steel blade ends
are given in Figure 13. It is recommended that blades of this
Type be sealed airtight and no yent holes drilled im the tip.

ROUND CORNERS Vzz .
| S
|
B
A
C
i~
41 “‘ti ! —
.> - H
Blade | +.000| +.000| . .
End No.{A -.003|B -.003|c =.010] p |E %.010lF t.010| ¢ H
00 2,260 | 2.495 | 2.000 |35/64 | 0.4375| 2.687 |3/32 | 1.812
0 3.000 | 3.250 | 2.625 [27/32 | 0.662 | 3.625 |1/8 |2.375
1 5.875 | 4.245 | 3,375 |1 1/18| 0.750 | 4.625 |5/32 | 2.250
11/2 {4.1875 | 8.620 | 3.6875(1 1/4 | 0.876 | 5.250 |5/32 | 3.750
2 4.600 | 4.995 | 3.875 {1 7/16| 1.000 | 5.875 |6/32 | 4.375
3 5,000 | 5.620 | 4.312 |119/32| 1.125 | 6.500 |3/16 | 4.813
FIG. 13 - HOLLOW STEEL BLADE END DIMENSIONS.

d. Standard dimensions and dimensional tolerances are shown
in Figures 14 end 15 for that portion of the hub of controll-
able propellers which mates with the engine shaft,
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¢ OF WIDE SPLINE MUST

COME ON & OF PROPELLER =K -

BLADE wiTHIN 120 ' L

o Y g
aoo 15°
} % / / 4
H —) éﬁ’
=

CHAMFER 45 x IJE

16 SPLINES
EQUALLY SPACED
OMIT ONE- SPLINE

Shaft| +.000| +.000 +.005) +,005

No. |H-.005|J-.008 K L | R~.002|8-.002|Tt,001| x Y
20 |2.125 |2.875 |6 1/4 |5 2}/32 2.383 2,164 | ,233 |2 3/16 |2 13/32
30 18,187 |3.187 |6 21/32|6 3/32 | 2.633 |2.414 | 259 {2 1/2 |2 21/32
40 |3.875 |3.875 |6 19/32]6 34133 | 2.881 | .306 {2 17/32|3 5/32
50 |4.562514.625 |6 25/32|6 1/8 | 3.812 |z.562 | .377 |2 5/16 |3 27/32

FIG. 14 - CONTROLLABIE FROFELIER HUBS (16 SPLINE).
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of wide spiine must
come on ¢ of propeller | K
blade within ¥ 1° - or, j
f—y——— L 1
chOrdﬁ-l b ¢ —
thickness P 150
30
} i} %
ZON 4
U o
;
R
: J
]
W7z
Involute tooth form must
32 teeth equally be true ingide this diameter.
spaced so that
accwnulated errors
in spemoing and in
involute form are held to .00l mnd be
absorbed within 1imits speeified for the
chordal thickness.
Shaft| +,000] +.000 +.005] +.005| +,001
No. {H-,005]J-.005 K L R-.002]|8-.002 |T-,000|U min., X Y
60 |5.662 |b,500 |8 1/&6 7 l/k 4,8014|4,4464| ,2243|4,696 |3 5/52 4 27/32

FIG. 15 - CONTROLLABLE PROPELIER EUBS (32 TEETH).
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14,201
o2 COMMERCIAL PROPELLERS
«20 DATA REQUIRED
=200 1. The application for s propeller type certificate should be

submitted on form CAA 01-9 supplemented by form CAA 14-1. The
latter form should enumerate all the engines for which the pro-
peller is designed, If a production certificate is mlso desired.
form CAA 01-~10 should be submitted. This form need only be sub-
mitted once for each general type, i.e., fixed-pitech, wood, etec.,
propeller.

«201 1. Drawings submitted should be complete in all important dimen-
sions, specifications and identification date. The minimum es-
sential details of a propeller drawing should incorporate the fol-
lowing information:

8. Title block details. (Locate in lower right-hand corner.)

(1) Company name and address.

(2) Model or identifying number of propeller or part.

(3) Date of drawing.

(4) Initials of draftsman and checker.

(5) All drawing change letters with date of change and
description thereof.

b. Boss dimensions for fixed-pitch wood propeller.

(1) Diameter of engine shaft bore.

(2) Diameter of bolt hole eircle.

(3) 8ize and loecation of bolt holes.

(4) Diameter and thickness of boss.

(5} Cross-section of boss showing location of hub
wideners, if used.

¢. Blade dimensions and detmils.

(1) side elevation not dimensioned but with the line
of centers of gravity.

(2) Plan view with the line of centers of gravity and
detailed dimensicns sufficient to check the
general contour of the leading and trailing edges.

(3) Curve of maximum section thickness plotted ageinst
radius. _

(4) Blade cross-section at frequent intervals (prefersbly
every 6 inches).

(58) Chord and angle at each oross-section. (The seotion
ordinates should also be given at the 10% sta-
tions of the blaede chord. The leading edge
section should be further divided intoc four equal
sections and the ordinates given.)

421827 0-41- 3
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14,203

(6) When tipping is used, all details thereof.

(7) If the material is laminated, the extent and thick-
ness of the laminations.

(8) A desired diameter reduction indicated on the blade
planform by dotted limnes.

(9) When a different pitch distribution from that of the
basic model is desired, the stations and blade
angles listed in a table on the drawing, and the
model desigunation which applies to that pitch
distribution.

2. A complete material specification list should be noted or re-
ferred to on the drawing. The standard Army, Navy or SAE speci-
fication should be referred to whenever possible, The exact
finish to be used on each part of the propeller should be noted.
5. All dimensional tolerances should be speocified or reference
made to a table of these tolerances.
4. Drawings should preferably be accordion-folded to a 9 by 12 in,
size with the title block showing.
5. Altered blueprints or altered photostats are not acceptable as
they are & possible source of controversy.

«202 1. Duplicate drawings. If & small number of drawings are submitted

they may be in duplicate in which case a sealed set will be returned
by the Authority upon certification. 1In cases where a large number
of drawings are involved much simplifiestion is effected by sub-
mitting one set of drawings and a duplieate parts list. The parts
list should be headed with the model number and date of issuance.
It should show the drawing number, last change letter, and the name
of each component part. Drawing numbers should be arranged numsr-
ically. TUpon certification of the propeller the parts list will

be sealed and returned for inclusion in the manufacturer's files.
The drawings are filed in a general drawing file for each manufac-
turer, hence identical drawings for different models need not be
re-submitted.

«203 1. The log should either be supported by the manufacturer's affi-
davit or signed by the witnessing inspeobtor. A graphical or tabu-
lar engine log with 15 minute readings is acceptable., All stops
should be noted and accounted for. Tests on other than fixed-
plteh wood propellers must be witnessed by an inspector of the
Authority or an authorized agent (See 14.21-1 herein) and the test
log will be signed by such witness. Tests on conventional fixed-
pitch wood propellers will ordinarily not be witnessed by an in-
spector. A new manufacturer's initial test will always be wit-
nessed. Form CAA 14-2 (Appendix) has been developed to eover the
nessed. Figure 16 includes the essential items of this type of
test report and is available upon request. This type of report
or its equivalent should be used.
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FIG, 16 - FIXED-PITCH WOQOD PROPELIER TEST REPORT

1. Test Data

(a) Propeller Model No. Serial No.
(b) #Airplane License No.
(¢) Engine Model No. Serial No.
(d) *Total Period of Testing hrs., including
hrs. at rpm.
(e)**Total Period of Testing hrs. at rpm.

2. Test Regort

(a) Comment on any evidence of exgessive flutter or vibration
during test.

(b) Comment on any forced stops ccourring during test.

(o) Describe tachometer calibrations made

3. Inspection after test

(a) Tipping and attachment:
Tipping ecracked excessively
Rivets or screws loose
Satisfactory
Comments

(b) Condition of all wood joints:
Blade laminmtion joints opened up
Hub lamination joints opened up
Satisfactory
Comments

(e¢) Condition of hub bolt holes:
Elongated or burned
No distortion
Comments
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Figure 16 continued =

(d}) Condition of wood in general:
Longitudinel cracks
Transverse cracks
Comments

Conformity check

Item l Drawing Measured

Overall Diameter

Hub Diemeter

Hub thickness

Dismeter of hub bolt ocircle

Station____: chord
max.thickness
blade angle

: chord

max.thickness

blade angle

: chord

max. thickness

Station

Station

blade angle

I hereby certify that the above testing, inspection and oonformity

cheok was supervised by myself and that the data presented herein is
true.

State of

County of

~(Signed)

Subsoribed and sworn to before me this day of

19 .

(Notary Public)

* Applies to flight test only and must be supported by the airplane
log.
** Applies to block best only and must be supported by the test log.
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204 l. A stress analysis is usually requested if the propeller is of
& new design. While this is of minor value in itself it is useful
as & check of future design changes and as & general indication of
steady stress conditions. Such an snalysis need not be exmct in
its treatment of blade-defleotion, but all assumptions should be
of a conservative nature and the snalysis should inelude the basic
serodynamic and centrifugal loadings.

o21 TESTS REQUIRED FOR PROPELIERS OTHER THAN FIXED-PITCH WOOD PROPELLERS

1. Sufficient advance notification should be given of the expected
starting of a test in order to provide for an inspector for the
Authority to witness the test. In some omses military inspectors
are authorized to met as inspectors for the Authority. Items in the
test program sbout which there is any doubt should be disoussed with
the Authority &t an early date.

2, Service failures and stress measurements available to date have
indicated the necessity for obtaining vibration stress measuremsnts
of metal propellers under operating conditions. This is to deter-
mine the magnitude of the vibration stresses existing in operation
and to determine if a eritical resonance condition exists at any
point in the operating range of the propeller. The essential equip-
ment has been previously listed in 14,03-Ne)herein. The resultant
oscillogram from the stress pick-up may be calibrated to read stress
directly and therefore give the magnitude and frequency of the vi-
bration stress at the pick-up location. These piek-ups should be
mounted at points on the blade tip where the stress is deemed & maxi-
mum and at several polnts on the blade shank, Sufficient runs
should be teken to establish the phase relationship betwesn stresses
at corresponding points of different blades and to determine the
magnitude and predominant frequency of the vibration stresses over
as wide an rpm range as possible, i.e., from take~off rpm down %o
25% of that speed.

3. Crankshaft torsiograph records should also be obtained in order
to determine the torsional characteristics of the propeller-crank-
shaft system. These runs should be made with the engine rigidly
mounted in order %o eliminmte from the record any secondary vibra-
tion due to engine oscillations. The torsiometer should preferably
be mounted at the propeller hub. The complete operating range should
be investigated.

4. Linear pick-ups of the mmegnetic type should bes suitably mounted
on ‘the engine to record the motion along the three axes and such
displacement records correlated with the blade vibration-stress
measurements for futwre installation problems. This material is
oongidered secondary but very hslpful.
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5. The investigations discussed in the preceding three items
should be completed as an essential preliminary to any actual
endurance running and the results thereof discussed with the
Authority before such endurance testing will be authorized.
Based on such preliminary investigations the following condi-
tions will apply:

a. If the vibration-stress survey shows no marked resonance
conditions existing in the eruising or take-off regimes, the
fifty hour endurance test may be run at either maximum, except
take-off power and speed with a 10% increase granted for the
take-off (one minute) operation or at 91% take-off power and
speed with & 10% increment granted for take-off,{one minute)
operation. It is recommended that 10 hours of the test be
conducted at the tmke-off power and speed.

b. If the preliminary s%ress survey shows a marked resonsnce
condition in the crulsing regime it will be necessary to run
a fifty hour test at the eritical speed in addition to the
testing outlined under item(a)above.

c. If the preliminary stress survey shows & merked resonance
condition at take-off power and speed it will be necessary
to run an added test under those conditions in addition to
the testing mentioned under item a sbove. The amount of this
testing will be based upon the amount of take-off operation
to be expected in the normal service life of the propeller.

d. As an alternative to running the added test of item (c),

the entire B0 hour endurence test may be run at take~off

power and speed in which case no additional testing would be
required. Tests mentioned under items (b) and (c) can, of course,
be omitted by restrioting operation of the propeller to avoid
the critical conditions.

e. A correlation of stresses in new designs with those
measured on designs with a satisfactory service record will be
considered acceptable and helpful in e study of vibration-
stress measurements.

6. The actual endurance test should be run on the type of engine
for which certification is desired. Because of the vibration
problems previously discussed it will ordinarily be impossible to
assign & general power, speed and bore limitation to a propeller
without further specifying the type of engine. The test should be
run in minimum five hour increments, except that forced stops in
these periods due to engine trouble will not affect acceptance of
the test. A definite test schedule should be set up and adhered
to as closely as possible. The propeller should be held to within
25 rpm of its proposed rated speed at all times during the test.

34



w211

CIVIL AERONAUTICS AUTHORITY MANUAL : 14.211

If the engine is operated at part throttle during the test suitable
arrangements should be made to record the manifold pressure and a
curve should be obtmined showing the horsepower variation with
manifold pressure at the proposed rated speed of the propeller. At
each stop the propeller should be wiped off', examined, and a thin
coating of used engine o0il rubbed on. This applies to both stesl
and aluminum alloy propeller blades. The carbon and the trace of
acid in the oil beth clean the propeller end ternd to work in and
darken any orack which may have started.

7. It is essential that the pitch-changing mechanism of a controll-
able or automatic pitech propeller be operated throughout its usable
range at least once for every hour of testing, These fifty oycles
provide a check of the propeller operating mechanism throughout its
full range. Any roughness in the operation of the propeller should
be noted. Runs of five minute duration should also be mede at ap-
proximately one degree intervals on this type of propeller whenever
pessible, and any variations in rumning charascteristics should be
noted. In addition to these reguired tests of the piteh-changing
mechanism it is suggested that 1t be further subjected to a vigorous
operation test of 500 cycles in the case of & manual control mecha-
nism and 1500 cycles in the case of an automatic control mechanism,

1. Although the static vibration tests mentioned in 6 CFR 14.211
are not considered essential data in view of tests discussed in
'14.21-1 through 4 herein, it is desired that such tests be run and
submitted for possible correlation with the actual stress measure-
ments taken, Static vibration data should be adjusted for the
effect of centrifugal force by use of the formula:

Fi = Fi + CN
where F. = resonant frequency of the rotating propeller,
F, = resonant frequency at zero rpm,
N = propeller rpm, and
¢ = vibration mode coefficient.

Suggested values of C for various loop and node conditions are:

1,7 - 2.0 for 1-~L and 1-N
6,0 - 6,2 for 2~L and 2-N

C
c
c 12.0 - 12,2 for 3-L and 3-N

nHu

2. A static vibration study should include a wide range of blade
angles from O degrees to 90 degrees in order to determine the
possibility of resonance conditions due to & forced vibration
about the major axis. The effects of end fixity have been found
to be lmportant hence a suitable pre~loaded condition at the blade
butt should be obtained to duplicate the effect of centrifugal
forece on that factor,

35



14.22
14.23

022

«23

CIVIL ARRONAUTICS AUTHORITY MANUAL

TESTS REQUIRED FOR FIXED-PITCH WOCD PROFELLERS

1. The ten hour endurance block test should be run with the maxi-
mum diameter and pitch for which ocertification is desired. These
dimensions may then ordinarily be reduced and approved without
additionanl testing, provided that no other dimensions are materi-
ally altersed and provided no inerease in rating is desired. The
test may be run on any internal combustion engine that may be
available provided that the proposed rated rpm is maintained
throughout the test. BSince rpm is the only observed factor upon
which approvel 1s based it is essential that it be accurately
determined. The tachometer should be ocalibrated before and after
the st and checked with a stop~watch and revolution-counter dur-
ing testing. This calibration should be noted on the test log.
The speed should be held to within plus or minus 25 rpm of the
proposed rating., The test may be made in suiteble increments,
provided that sll stops are adequately explained in the test lbg.

2. The 50-hour flight test should be run on the same general type
of airplane on which the propeller will be used and the specific
diemeter and piteh for which certification is desired should be
installed. The engine power and speed should be equal to or great-
er than those for which the propeller is to be certificated and at
lenst five hours should be run at the proposed rated speed. As

the rpm is the only observed faotor upon which approval is based

it is essential that it be accurately determined. Suitable checks,
as discussed in the preceding paragraph, should be made and noted
on the test report. (See Fig.16)

INSFECTION OF A TESTED PROPELIER

1. The propeller snhould be thoroughly inspected at the conclusion
of the testing [or any unsatisfactory conditions that may have de-
veloped. Pltch~control mechanisms should be thoroughly inspscted

for excessgive wear and for clearances. 4 complete inspection re-

port, considering all applicable items discussed in the following

paragraphs, should be submitted.

a. Aluminum-alloy propeller blades should be etched at the
tip and shank portions and at any other critical sections.
Fillets, and points of abrupt curvature, are critical sections.
The blades should then be examined for cracks with a 4 to 6
power megnifying glass., Particular attention should be paid
within the tip portion to the region approximately one third
back from the leading edge on the lower surface of the blade.
Any transverse cracks or scratches near this loeation should
be thoroughly investigated. The region of the shank in line
with the leading or trailing edge of the blade should also be
examined minutely.
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b. Hollow-steel blades, solid steel blades and forged steel hubs
should be thoroughly inspected visually, and magnetically by the
wet process., Any pronounced maghaflux indication should be re-
ported and discusszed in detsil as it may warrant a complete mebal-
lurgical examination. This inspection should be made by & highly
skilled operator with a long service experience.

¢. The blade control mechanism should be inspeoted for excessive
wear, fatigue cracks, and any other unsatisfactory condition.

A1l ferrous parts should be subjeocted to a magnetiec inspection by
the wet process.

d. The hub cones should be carefully inspected for any signs of
wear which are an indication of torsional vibration condition.

e. Fixed-pitch wood propellers should be thoroughly examined for
evidences of loosened or excessively cracked tipping., opened glue
Joints, cracks in the wood and loeal failure or oracking around
the hub bolt holes. These items are adequately covered in Figure
16. A certain amount of flexural cracks in the metal tipping is
oonsidered normal. '

2. The inspector for the Authority will inspeot the torn-down pro-
peller for conformity with the drawings which are to be forwarded to

Washington. This inspection should be conducted and certified to by

the manufacturer in the case of conventional fixed-piteh wood pro-
peller tests. Several blade sections and other major dimensions of
the blades and hub should be checked. Only a representative number
of parts need be checked when a large number are involved, as in the
hub control mechanism. A notation and record of the conformity in-
spection should be incorporated in the inspection report.

MILITARY FROFELIERS

l. A requisite to certification of propellers of this type is the sub~
mittal of the propsr forms and necessary drawings ss discussed in the
previous paragraphs 14,200 and 14.201, respectively.

2. A copy of the offieial report which forms the basis of the military
approval or a copy of the official letter of approval from the military
agency is required. The manufacturer's responsgibility with respect to
obtaining the letter is the same as in the case of the report. The pro-
peller must be approved for service use. A restricted approvel for ad-
ditional flight test purposes is not considered sufficient.

MODIFIED PROPELLERS
1. Small ohanges in pitoh and diameter are ordinarily permissible in

the case of fixed-pitch wood propellers without additional testing.
421827 O - 41 - ¢
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For the purposes of fleld ldentification it is necessary that a
new model number be assigned with emoh change in piteh and diam-
eter. A change in dash number in conjunction with the basic
model number is recommended to designate a change in pitch. (See
14,1-B (B) herein.) A change in pitch distribution should be
noted in a suitable tabular form on the basioc model drawings.
Small changes in diameter which involve only the tip sections may
be denoted by dotted lines on the basic model drawing. The neo-
esgary forms CAA 01-9 and 14-1 should be submitted for sach model.

2, Minor modifications to a metml propeller blade structure may
result in major changes in the vibration stresses of the blade.
This point must therefore be suitably covered if a modifiocation is
submitted as minor. 1In general, appreciable changes in the strue-
ture of a metal propsller willle considered a major change and sub-
Ject to the test requirements of 6 CFR 14.2.

SEAIED DRAWING LIST

l. The sealed drawing list and sealed drawings should be kept ad-
equately and oonveniently filed at the manufacturer's office so
that they are readily available for such conformity checks as may
be made by representatives of the Authority. It is preferable to
file each model separately in numerical order.

MAJOR CHANGES

l. Major ohanges to a propeller, as discussed in previous para-
graph 14.4, will necessitate compliance with the test requirements
of 6 CFR 14.2 and are treated as creating new designs. If there is
any doubt as to whether a change is minor or major in nature, the
deoision should in all cases be referred to the Civil Aeronauties
Authority.

MINOR CHANGES

1. Drawings including the minor changes made to the propeller dur-
ing the preceding six months should be submitted during January
and July of each year. If a drawing list was originally submitted
the revised drawing list should also be included. If a drawing
list was not originally submitted a duplicate set of drawings
should -be forwarded so that elther a sealed drawing list or set of
senled drawings may be returned for file.

REDUCTIONS IN DIAMETER

1. Reductions in dlemeter made by cutting off the tip or by tel-
escoping will generally be certificated without additional testing,
provided the original dssign has no eoriticsl resonsnce conditions and
it is shown that no additional eitical resonance conditions are en-
countered in the smaller diameter blade.
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SUGGESTED FIXED-PITCH WOOD PROPELIER INSFECTION FORM

Shipped to Date Mfd. Des.No.
Address Serial No.
Wood Source Date reotd.
Hub Drilled by
Hub Installed by
Plus Plus | Max. Plus | Template
Btation|Angle| or |Width| of |Thick-| or Fit Remarks
Minus Minus| ness |Minus
Plus or
Messured Minus Balance
. Track
Prop.l?lameter Finish
ub Diameter
Wb Thickness Inspected by
: Approved by
FIGe 17
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